We have evaluated the electric characteristics of an organic surfactant material, n-Cethyl-trimethyl-ammonium Bromide (C 16 TAB) to fabricate the p-n homo-junction. This C 16 TAB was dissolved in the pure water, where the potassium iodide (KI) was added. The impurities adaptation has been processed in this mixed solution with the application of voltage. The KI is ionized in the water and the potassium ion is moved to the negative electrode and the iodine ion to the positive electrode. We collected the solution in the vicinity of both electrodes separately, and dried it to fabricate the samples. We measured the resistivities of both samples which were in the range of 10 +3 Ωcm. Both materials were contacted, and we measured the current-voltage (I-V) characteristics. We have obtained the I-V characteristics similar to a p-n homo-junction.
Introduction
Organic semiconductors [1] are promising materials for EL devices and have been widely investigated [2, 3, 4, 5] . In most organic semiconductor devices, the current injection was performed through different materials [2] . The performance of p-n homo-junction was already reported by contacting two Polyacetylene films, where the diode characteristics were obtained but with hysteresis [6] . Recently instead of conventional p-n-p or n-p-n transistors, FET performance was reported on some organic materials [7] . If the stable homo-junction similar to inorganic semiconductors is achieved with organic materials, the organic semiconductors are expected to be much more extensively utilized.
We have tried to make the p-n homo-junction of organic semiconductors using n-Cethyl-trimethyl-ammonium Bromide (C 16 TAB) surfactant. The reason why we selected this surfactant is because it is water soluble and its structure is of a monoclinic system [8] . We have used the ionic crystal for the impurities. The ionic crystal is decomposed and ionized in the water, and when the voltage is applied to the solution, ionized atoms are separated to move to two opposite charged electrodes. The two kinds of solution in the vicinity of the each electrode are rich in the oppositely ionized material, respectively. By collecting both kinds of solution and dried them, we were able to fabricate both p type and n type organic semiconductors simultaneously. Figure 1 shows the molecular structure of C 16 TAB. The subscript 16 means the number of carbon atoms in the chain of the Lyophobic group. We prepared a vessel whose size was 15 cm in length, 6.5 cm in width, and 6 cm in depth. In both sides of the vessel, the electrodes were set. C 16 TAB and Potassium-Iodide (KI) were dissolved in water separately. At first the 50 mmol/l C 16 TAB was poured into this vessel, then in the center of the vessel KI of 1-10 mmol/l was poured. After pouring the solution with KI, the voltage of 10 V was applied between the electrodes. The KI was decomposed into ions in the solution. During the application of the voltage, potassium ions moved to the negative electrode and iodine ions moved to the positive electrode.
Fabrication and results
After 3 min application of the voltage, we collected the solution in the vicinity of each electrode using a pipette, and added salicylic acid [9] into it as the cross-linking reagent. We dropped it on the glass plate on which the gold had been already evaporated as shown in Fig. 2 (a) . We excluded the newly created materials close to the electrodes in the vessel for the solution due to the electrolysis. We dried it with an oven in the air at 80 • C for 15 min. The size of the sample is about 10 mm in diameter and 0.1 mm in thickness, and the separation between the electrodes was about 2 mm. According references 8 and 9, the CTAB forms threadlike or wormlike micelles in aqueous systems with or without some additives. These wormlike micelles behave like polymer systems; they make very condensed entanglement networks. The molecular packing structure is shown in reference 8. We measured X-ray diffraction patterns and observed the sharp lines which were identical to those of pure crystalline C 16 TAB [10] . This result suggested our samples have the same crystalline structure of a monoclinic system. The increment and decrement of bias voltage was set to be 1 V step. The voltage was applied between the two gold electrodes. The measurement was performed in about 3 min. In the I-V measurement, the conduction current became stable in a few seconds after the application of the voltage. Fig. 2 (c) shows the I-V characteristics at the room-temperature (RT) and in the open air environment. The I-V characteristics of a sample made from the material collected in the vicinity of the positive electrode, hereafter denoted by + material, is shown with the diamonds, and that of a sample made from the material collected in the vicinity of the negative electrode, hereafter de- noted by -material, is shown with squares. The KI solution was 1 mmol/l. Although the hysteresis is observed in both I-V characteristics, an almost linear property is obtained. The estimated resistivities of the former sample and the latter sample are 2.3 × 10 +4 Ωcm and 5.3 × 10 +3 Ωcm, respectively. The measured frequency characteristics of the resistance of these samples are shown in Fig. 2 (d) . The applied voltage was 2.5 V in the amplitude and the frequency was changed from 100 Hz to 1 MHz. In both cases for + and -materials the resistance decreases with increasing frequency and saturates at frequencies higher than 100 kHz. These frequency characteristics seem to be due to the charge trap and/or detrap from the electrode contact, impurities and defects which were created during the sample fabrication. The hysteresis shown in Fig. 2 (c) is considered to be caused by these frequency characteristics.
We measured the temperature dependence of the resistivity to examine the current-conduction mechanism. The samples were set in the oven filled with the air and the temperature was set at every 20 • C from 20 • C to 80 • C. The I-V measurement was performed according to the way similar to that shown in Fig. 2 (b) , and the increment and the decrement of the voltage step was 2 V. In Fig. 2 (e) , it is shown that the resistivity decreases while the temperature increases. It means that these samples behave like the semiconductor. The activation energies are calculated to be 0.07 eV and 0.41 eV for the sample made from the + material and the sample made from the -material, respectively. According to the references [11, 12] the current conduction mechanism of organic materials is the hopping conduction and/or the ionic conduction, and the activation energies are calculated to be 0.2-0.4 eV 13 , and 0.1 eV 14 . The conduction mechanism of our samples is considered to be the hopping conduction and/or the ionic conduction. We have measured the activation energies of various samples made from the materials with different KI solution, which range between 0.07-0.52 eV for samples made from the + material and between 0.41-1.08 eV for those made from the -material. As these values are in the wide variation and the fabricated samples have shown the crystalline characteristics as mentioned before, we further continue to elucidate the origin of the electric conduction mechanism.
We examined the behavior of the device composed of these two materials. The sample structure is shown in Fig. 3 (a) . The sample size is about 10 mm in diameter and 0.2 mm in thickness. As shown in this figure, we dropped the + material on the glass plate on which gold had already been evaporated. After we dried it under the same condition mentioned before, then we covered it with the -material. After the sample was dried and solidified, again gold was evaporated on it. Due to this process, these two materials were seemed to mix in the vicinity of the interface. The I-V measurement was performed according to the way similar to that shown in Fig. 2 (b) . At first the positive voltage was applied to the -material. This measurement was performed by the voltage step of 0.2 or 0.5 V. Fig. 2 (c) , and is very similar to the characteristics of a p-n homo-junction made of inorganic semiconductors. On the first quadrant of the figures where the positive bias was applied to the -material, both cases seem to be corresponding to the forward bias characteristics. The series resistivity is calculated to be about 10 +3 Ωcm for the sample shown in Fig. 3 (b) . This value is comparable to that in Fig. 2 (c) . On the third quadrant where the negative bias was applied to the -material, these cases seem to be corresponding to the reverse bias characteristics. These results show occurrence of some leakage current and hysteresis because the samples may include the voids remaining during the sample preparation and some unknown impurities in C 16 TAB. 
Discussions
Considering our I-V characteristics as shown in Figs. 3 (b) and (c), the sample made from the + material behaves as an n-type semiconductor and the sample made form the -material behaves as a p-type semiconductor. According to the mass analysis of these samples, Iodine is very rich for the former sample and potassium is very rich for the latter sample as compared with other atoms. This result is somewhat contradicted with the reference [7] reporting that halogen atoms behave as an acceptor. In our case, both atoms are ionized. A K + ion is considered to contribute to the positive charge conduction like an acceptor and an I − ion is considered to contribute to the negative charge conduction like a donor. It was threatened that the Schottky barriers occurred in the metal-semiconductor interface, however from the results in Fig. 2 and Fig. 3 , these barriers were seemed to cause little effect to our results.
Conclusion
We have tried to make the p-n homo-junction by using the C 16 TAB materials including KI for impurity. The fabrication is performed by the application of the electric field in the solution where these materials are dissolved. The fabricated samples show the resistivity in the range of 10 +3 Ωcm. By contacting the materials, the I-V characteristics similar to a p-n homo-junction are observed.
